The construction of fish passages was an additional strategy adopted by the Brazilian energy sector in order to ameliorate the negative effects of dam barriers on fish communities, and in particular the migratory species. However, recent studies suggest that some fish passages may be having damaging effects on Neotropical migratory fishes (AGOSTINHO et al. 2002 , 2007b , c, FERNANDEZ et al. 2004 , OLDANI et al. 2007 , MAKRAKIS et al. 2007 and that, in some cases, they could develop into ecological traps (PELICICE & AGOSTINHO 2008) .
One important symptom of when fish passages fail to sustain fish migratory recruitment is the inability of eggs and larvae to reach the nurseries. This is especially so when the breeding areas are located upstream of the reservoir, and the floodplain is downstream of the dam. Studies concerning ichthyoplankton drift though large reservoirs indicate the virtual disappearance of eggs and larvae in their lower parts, attributing the losses to high mortality rates (AGOSTINHO & GOMES 1997) . In these cases, transposed populations do not recruit, or do not contribute to the recruitment, downstream of the dam.
Therefore, the transport of fish larvae and eggs across reservoir barriers is key to the development of effective conservation strategies, and needs to be investigated for reservoirs of different sizes and different water residence periods. In this paper, we evaluate the potential for migratory fish larvae and egg transportation across a small size reservoir in eastern Brazil.
MATERIAL AND METHODS
The Mucuri River forms part of a network of watersheds which drain the east of Brazil, comprising a total drainage area of 15,100 km 2 (CETEC 1983) . The hydrological regime of the Mucuri River basin is characterized by two well-defined seasons, dry and wet, with larger water flows occurring between November and April, when most of the region's fish are breeding (POMPEU & MARTINEZ 2007) . The river can be divided into two distinct environmental units, according to particular physiographic characteristics. The upper and middle courses are steeply inclined with numerous rapids and a predominant rocky river bed. In contrast, the lower course is characterized by a deposition system, a gentle decline, a predominantly sandy river bed, and by seasonally flooded Atlantic rain forest (Mata Atlântica) along the river margins (currently dominated by cocoa cultivation), and wetlands and mangroves near the river mouth.
The Santa Clara dam is located on the Mucuri River, in a transitional zone between these two physiographic units, approximately 80 km from the river's mouth at the Atlantic Ocean (17°53'51"S, 40°11'50"W, Fig. 1 February 2003 (spawning period) in the Mucuri River, 0.5 km upstream of the reservoir's backwater and 300 m downstream of the Santa Clara dam, immediately after the tailrace. We used conical-cylindrical plankton nets (0.5 mm mesh), with a flow meter coupled to the mouth to measure the water velocity through the mouth of the net and the volume of filtered water, placed two meters away from the river bank to collect eggs and larvae. All the samples were taken at 7:00 am upstream and at 7:40 am downstream, using a 20 minute sampling period at each site. Samples were fixed in 5% formaldehyde, and the abundance of eggs and larvae was standardized using a fixed volume of 1 m 3 of filtered water. Larvae were identified to the lowest possible taxonomic level according to NAKATANI et al. (2001) , and measured (total length) with a caliper (precision 0.01 mm). Larvae of Anostomidae and Prochilodontidae, as well Pimelodidae and Loricariidae, were analyzed as single groups. We used a Student's t-test to evaluate differences of body length of migratory Characiformes larvae between the two sampled areas.
Water residence time in the reservoir was calculated daily, taking into account the affluent flow (Santa Clara station) and the average reservoir volume of 150.6 hm 3 . The fortnightly number of eggs and larvae upstream of the reservoir compared to the number of Characiformes larvae downstream of the dam was calculated, and its relationship with the mean water residence time in the reservoir for the period was tested using simple linear regression. Eggs were considered in this analysis only for the upstream samples, since the objective was to evaluate the passage through the reservoir: due to the water residence time, eggs found upstream would reach the dam as larvae.
RESULTS
During the study period, 1,910 eggs (1820 upstream and 90 downstream), and 259 fish larvae (170 upstream and 89 downstream) were sampled (across all species). The water velocity at the mouth of the net was always superior to 0.1 m/s, and higher downstream of the dam (mean = 0.60 m/s; minimum = 0.22 m/s) when compared to upstream of the reservoir (mean = 0.39; minimum = 0.14 m/s). During the study period, water residence time in the reservoir ranged from 4.9 to 78.6 days. The patterns of larvae abundance revealed a strong association with the highest flow rates, and the same high density periods were observed upstream of the reservoir and downstream of the dam (Fig. 2) . However, during the flow peaks, the density of eggs upstream of the reservoir was always at least 10 times greater than the density sampled downstream of the dam.
The composition of larvae sampled revealed that Cichlidae, Pimelodidae/Loricariidae and the migratory Anostomidae/Prochilodontidae larvae were the most abundant in both upstream and downstream samples. However, the density of Tetragonopterinae was relevant only downstream of the dam (Tab. I).
When evaluating the temporal distribution for only the migratory Characiformes, their abundance pattern also revealed a strong association with the highest flows upstream of the reservoir and downstream of the dam, but with the highest density peaks being reported only in the first region (Fig. 3) . The ratio of upstream eggs and migratory Characiformes larvae upstream of the reservoir, with the number of Characiformes larvae downstream of the dam, was significantly associated with the water residence time in the reservoir (Fig. 4) . The density of migratory Characiformes eggs and larvae downstream of the dam was similar to that upstream of the reservoir during the highest flow periods, corresponding to a water residence time of five days. Nineteen days was the longest residence time of water in the reservoir in which migratory Characiformes larvae were sampled downstream of the dam. On that occasion, one larvae was found for every 12 eggs and larvae sampled upstream.
The standard length ranged from 2.21 to 6.48 mm for the identified larvae (Tab. II). However, when comparing the two sampled regions for the migratory Characiformes, the larvae standard length downstream of the dam was significantly lower than that measured from upstream samples (Fig. 5) .
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vae has been found to be more intense during the night in large rivers, such as the Paraná and Columbia (GADOMSKI & BARFOOT 1998), but daytime drift is equally intense in the Mississipi and Mekong (HOLLAND 1986) . Differences in larval drift fluctuations are largely explained by differences in water transparency and its impact on larval vision (PAVLOV 1994) . When water transparency is higher, the larvae are able to see and avoid the net during the day, but not by night. In turbid waters, such as the Mucuri River, the low transparency does not interfere with the pattern of net avoidance during the day, and therefore is likely to result in a similar abundance pattern for both day and night samples (PAVLOV et al. 1977 , NORTHCOTE 1982 , ARAÚJO LIMA et al. 2001 . However, in the Velhas, a turbid river in Minas Gerais state, a higher abundance of ichthyoplankton is found during the early morning, the chosen sampling period, indicating nocturnal spawning (JIMÉNEZ-SEGURA et al. 2003) . In the same study, higher densities of larvae were found near the shoreline (the habitat sampled in our study), when compared with the central river channel. Net avoidance is also often indirectly related to water velocity, that is, the lower the net entrance velocity, the greater the level of avoidance. However, considering larvae swimming performance of between three and seven body lengths per second (WEBB 1975) , the water velocity registered passing through the mouth of the net was always greater than the swimming capability of the largest larvae (4.9 cm/s, 0.7 cm larvae length).
For fish passages constructed over a dam wall to have a significant effect on the conservation of migratory fishes, they must provide effective connections, allowing the free transit of individuals both upstream and downstream. In particular, they should allow the offspring, resulting from spawning in the upper stretches of the river, to reach the region downstream of the dam (AGOSTINHO et al. 2007b) . The elimination of a significant part of the ichthyoplankton population can have important long term effects on the viability of adult populations and the aquatic communities as a whole (CADA & HERGENRADER 1978) . The downstream transportation of fish larvae is an aspect of fisheries management that has been frequently ignored in dam mitigation strategies (QUIRÓS 1988) . Indeed, the restriction of fish populations to unidirectional migratory movements (upstream) has been invoked as one of the key factors exacerbating the development of fish passages into ecological traps in Neotropical rivers (PELICICE & AGOSTINHO 2008) .
Our study is the first to indicate the possibility of successful larval passage through the reservoir of a hydroelectric reservoir and dam in South America. Migratory fish eggs and larvae drifting down the Tocantins River did not appear in samples taken in the lower half of the reservoir of the Lageado dam (AGOSTINHO et al. 2007b) . However, this large reservoir occupies an area almost one hundred times larger than Santa Clara, and the mean residence time of its water is 24 days. The relatively short mean water residence time and elevated turbidity (personal observation) of the Santa Clara's reservoir waters during the rainy season, compared to the Lageado dam, 
DISCUSSION
Appropriate measurements of larval density depend on the drift pattern of larval fish, including diel and spatial variations, and on larval avoidance of net capture. Although the number of sampled larvae was low, their abundance is not related to sampling design. Downstream migration of riverine lar-certainly contributed to the successful passage, and can be considered as key factors for a priori evaluations of the feasibility of downstream larval passage.
Spawning during the rainy periods, when the river waters are turbid, is an adaptation of migratory fish species to protect eggs and larvae (AGOSTINHO et al. 2002) . Therefore, when the offspring encounter, during their downstream migration, a reservoir with elevated transparency levels in the water and a greater number of small-sized predator species favored by the reservoir conditions, their passage can become less viable (AGOSTINHO et al. 2004) .
However, the passage through the dam wall itself is another potential source of mortality (CLAY 1995) . Causes of mortality are fatal physical contact, the dam head being too high, or reservoir water being oversaturated in gas. Fatal contact can occur against dam structures (dam, spillway, etc.) , against downstream passage devices (bypass structures), or against the river bed or banks. Careful design of the spillway or bypass canal can reduce this type of injury, and the plunge pool and tailrace hydraulic conditions will influence the survival of fish downstream (THERRIEN & BOURGEOIS 2000) . Nitrogen supersaturation is related to fall head and the deep plunging action of the spill (CLAY 1995) . Since the probability of contact with the turbine structures and the effects of pressure are related to an individual's size, less than five percent of the ictioplankton is generally affected (CADA et al. 1980 , CADA 1990 , 1991 . The larvae survival after passing through the dam was not quantified in our study. However, at least one type of injury was observed in less than ten percent of the larvae, damage to the caudal fin being the most common.
A marked modification in the ichthyoplancton composition was also observed, especially due to the abundance of Astyanax spp. in the reservoir, reflected in the large proportion of Tetragonopterinae larvae downstream of the dam.
The smaller size of the downstream larvae, when compared to those from the upstream, can probably be explained by the speed of larval development. Available studies on the ontogeny of congeneric migratory species (NAKATANI et al. 2001 indicate that downstream larvae are probably up to four days old, meaning that they would reach the reservoir as eggs. On the other hand, incoming larvae to the reservoir will reach the reservoir at an age of at least five days, when they can actively swim and avoid the sampling net. However, these larvae could be even younger, since the Mucuri River is usually warmer (30°C) than those of the congeneric species mentioned by NAKATANI et al. (2001) .
The concept of efficiency in management systems must consider both the target species and the biological objectives of the fish passage system (THERRIEN & BOURGEOIS 2000) . As important as the fishes' capability to locate the entrance of the mechanism and pass the dam, is the evaluation of its importance and effectiveness in maintaining viable populations of the migratory species, an aspect rarely studied (CADA & FRANCFORT 1995 , AGOSTINHO et al. 2004 . Our results indicated that it is possible that migratory species complete their life cycle in the Mucuri River, even though spawning sites are located upstream, and nursery areas downstream, of the Santa Clara Dam. Taking into account the selectivity and efficiency of the fish lift in attracting the shoals (POMPEU & MARTINEZ 2006 , it is likely that this mechanism greatly facilitates the conservation of a number of fish species in the Mucuri River. However, only a long term monitoring program of the fish fauna will be able to reveal its efficiency in maintaining viable populations of the region's migratory species.
The water residence time of the reservoir and its turbidity level during the rainy period are key factors that need to be considered in evaluating the feasibility and effectiveness of larval transport to downstream reservoirs in South America -and hence the population viability of migratory fishes. However, additional studies on different sizes of reservoir are necessary in order to establish minimum water residence time and turbity values that permit ichthyoplankton drift, in addition to the potential influence of reservoir shape, water temperature and small predator density in the reservoir, on the downstream larval passage.
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